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ON THE COVER

The mammalian intestine hosts an enormous ecosystem of microorganisms. Mammals provide nutrients to their “guests”
in exchange for essential metabolic functions that mammals cannot perform on their own. Microbial residents of the
intestinal tract (microbiota), therefore, play important roles in mammalian digestion. However, a growing body of research

has discovered links between the microbiota and diseases such as inflammatory bowel disease, obesity, and diabetes.

Recent research has shown that the composition of a person’s microbiota can shift with diet and may even be a key
component of weight loss resulting from gastric bypass surgery. The cover image illustrates the amazing diversity of
bacteria that inhabit the mammalian gut and how these bacterial populations shift after gastric bypass surgery. Each

block of color in the figure represents a stool sample taken from a mouse that received either sham surgery or a Roux-en-Y
gastric bypass procedure. The mice that received sham surgery were further divided into groups that either ate as much

as they wanted or were fed calorie-restricted diets to mimic the calorie restriction experienced by mice that received

the gastric bypass procedure. Microbiota samples were taken at varying weeks post-surgery and their genetic material
sequenced to identify the bacterial species in that mouse’s gut at that point in time. These genetic “fingerprints” of the
mouse’s microbiome (the microbiota’s collective genetic information) were then compared to microbiome fingerprints taken
at other times and in other mice and plotted using a color key to indicate similarity. Each block is colored to indicate a range
from “no relation” between the samples (dark blue) to “perfect correlation” (dark red). The dark red diagonal line indicates

comparisons of each microbiome with that mouse’s pre-operative microbiome.

The large amount of dark blue shown where the microbiomes of the mice from different treatment groups are compared (the
bottom two-thirds of the first column) indicates that the mice that received gastric bypass surgery experienced a significant
shift in what species of bacteria they hosted following the surgery, and that this shift was not entirely due to simple calorie
restriction. This finding may inform future research on not only the effects of gastric bypass surgery but also on nutrition,

obesity, and microbiota-related diseases.

Through continued support for research in this important area, the NIDDK aims to define the role of the microbiome in

disease progression, with the hope of developing new therapeutic approaches to improve health.

Image provided by Dr. Lee M. Kaplan and Dr. Peter J. Turnbaugh, and from Liou AP, Paziuk M, Luevano JM Jr, Machineni S,
Turnbaugh PJ, and Kaplan LM: Conserved shifts in the gut microbiota due to gastric bypass reduce host weight and adiposity.
Sci Transl Med 5: 178ra41, 2013. Reprinted with permission from AAAS.
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Message from the Director

As the Director of the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK), | am pleased to present this annual report
highlighting the research efforts and programs supported by the Institute.
The NIDDK has a broad research responsibility that includes some of the
most common, debilitating, and costly conditions affecting Americans.
These conditions include diabetes and other endocrine and metabolic
diseases, such as cystic fibrosis; liver disease and other digestive
diseases, such as inflammatory bowel disease; nutritional disorders and
obesity; kidney diseases, such as polycystic kidney disease; urologic
diseases and conditions, such as interstitial cystitis/painful bladder
syndrome; and hematologic diseases.

The 14th edition of this report illustrates recent NIDDK-supported

scientific advances, such as:

e Findings from a clinical trial that youth with type 2 diabetes face increased risks of heart, nerve, and eye
complications

e Demonstration of the feasibility of a wearable, smartphone-based “artificial pancreas” prototype for
management of type 1 diabetes

e Discovery of a new class of genes involved in maturation of pancreatic cells that produce insulin

e Evidence that a brief psychological and educational group therapy can reduce symptoms and improve
quality of life for those with irritable bowel syndrome

e Discovery that a protein found in the brain regulates body weight and that its deficiency may be associated
with obesity in humans

e New insights into the roles that bacteria in mammalian intestines (gut microbiota) play in the link between gut
inflammation and cancer, in severe malnutrition, in metabolism and obesity, in the weight loss seen following
gastric bypass surgery, and in blood pressure regulation

e |dentification of a genetic mutation that causes a distinct form of hemolytic uremic syndrome, a condition
marked by kidney damage and abnormal blood cell function, with implications for treatment strategies

e Finding that beverage choice is associated with progression or reduction of urinary tract problems

e Development of a new technique to deliver therapeutic drugs across the blood-brain barrier, which may lead
to treatments for lysosomal storage disorders

This report also includes personal stories of patients. A doctor with type 1 diabetes describes his participation

in a study aiming to determine why some people with the disease develop complications while others do not. A
participant in a type 2 diabetes prevention study and his identical twin brother share their experiences with lifestyle
changes to improve their health. A woman discusses the daily difficulties of living with fecal incontinence and shares
her resolve to help others with this debilitating and often hidden condition.



The NIDDK is continuing efforts to ensure that
knowledge gained from research advances it supports
is disseminated to health care providers, patients, and
the general public. Such efforts include the Institute’s
education programs: the National Diabetes Education
Program and the National Kidney Disease Education
Program. Additionally, the Weight-control Information
Network, the National Diabetes Information
Clearinghouse, the National Digestive Diseases
Information Clearinghouse, and the National Kidney
and Urologic Diseases Information Clearinghouse
develop and distribute science-based information on
diseases and disorders within the NIDDK mission.
Several hundred brochures, fact sheets, and
publications are available to patients, health care
providers, and the public both in printed format and
on the NIDDK website. | invite you to visit us at
www.niddk.nih.gov

This report reflects only a fraction of the immense
body of NIDDK-funded research performed by basic
scientists, clinical investigators, and patient volunteers.
Moving forward, we remain committed to supporting
these important areas of research and translating
scientific discoveries into improvements in the health
and quality of life of all people.

.~ L3 :‘i E

Griffin P. Rodgers, M.D., M.A.C.P.
Director

National Institute of Diabetes and Digestive and Kidney Diseases

National Institutes of Health
U.S. Department of Health and Human Services

The efforts featured in this publication reflect
the core mission of the NIDDK, including the
Director’s guiding principles:

e Maintain a vigorous investigator-initiated
research portfolio

e Support pivotal clinical studies and trials

e Preserve a stable pool of talented new
investigators

¢ Foster exceptional research training and
mentoring opportunities

e Ensure knowledge dissemination through
outreach and communications

More information on how NIDDK’s activities
support these core values can be found in the
“NIDDK Funding Trends and Support of Core
Values” section at the end of this report and
on our website at www.niddk.nih.gov

Scan the QR code with your mobile device to link to the NIDDK website at www.niddk.nih.gov



http:www.niddk.nih.gov
http:www.niddk.nih.gov
http:www.niddk.nih.gov




Cross-Cutting Science

edical advances are not always achieved in great, intuitive leaps. More often, new prevention

strategies, treatments, and cures result from a long, gradual accumulation of new knowledge

from years of scientific research. Insights into the fundamental biologic building blocks and

processes of an organism—its genes, the proteins they encode, the inner workings of cells, and the ways

cells communicate with each other—can have broad and far-reaching implications. Indeed, many significant

advances in our knowledge of disease and disease treatment can be traced to laboratory studies whose

relevance to health could not have been fully known or appreciated at the time they were conducted. With

the development of innovative scientific technologies and the emergence of new scientific disciplines

as talented and creative research teams join together to tackle ever more complex challenges, new

opportunities to make exciting discoveries arise each day. The insights gained through this research can be

expected to further scientific progress in many research areas, for today’s discoveries may hold the seeds of

tomorrow’s cures.

Described in this chapter are several recent studies

that illustrate the Institute’s commitment to basic and
applied research relevant across a broad spectrum of
scientific disciplines. Also featured are several NIDDK
programs that demonstrate the breadth and collaborative
nature of the NIDDK’s research efforts, including
several clinical research studies which the NIDDK is
uniquely positioned to support. These studies are, for
example, evaluating new uses for medications, including
generic drugs; testing behavioral or lifestyle changes

as a therapeutic approach; or are large studies requiring
significant investment. In many cases these studies
benefited from partnerships with non-federal funders but
were unlikely to have been undertaken solely by these
other funding sources.

The NIDDK’s trans-NIH and public-private
collaborations have also led to the development of
cutting-edge technology, such as microbial-resistant
urinary catheters, more accurate drug toxicity screening
tools, important artificial pancreas technologies, and
state-of-the-art biomedical imaging.

Finally, the NIDDK is dedicated to delivering
important health information to the public. Through
disease-specific Information Clearinghouses and other

online resources, the NIDDK offers a wide variety of
informational materials to health care professionals,
patients and their families, and others across the
country and across the world.

AGING AND THE BRAIN

Inflammation in the Brain Links Obesity and
Aging: Two studies further clarified the role of

brain signaling in aging and metabolic disease. This
research, done in mice, suggests that decreasing
inflammation in the brain may reduce the signs of
aging and age-related disease. Aging involves gradual
functional decline and affects many tissues and organs.
However, how aging determines lifespan is poorly
understood, as is why the risk of certain diseases, like
type 2 diabetes, increases with age. Inflammation plays
arole in type 2 diabetes and other age-related diseases,
but how inflammation influences aging is unclear. The
brain has emerged as a potential regulator of aging

and metabolism, and therefore understanding how
metabolic disease and inflammation affect the brain—
and vice versa—are key research goals.

Toward those goals, in a recent study researchers
examined the role of the hypothalamus, a region of the

NIDDK Recent Advances & Emerging Opportunities: Cross-Cutting Science
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brain, in aging. The hypothalamus plays a key role in
growth, reproduction, and metabolism. Given these
important roles, researchers investigated whether the
hypothalamus could also control aging and lifespan.
Because previous research showed that inflammatory
changes contribute to the development of metabolic
syndrome, they focused on two inflammatory signaling
proteins, IKK-f and NF-kB, which act together to trigger
downstream inflammatory responses. The researchers
found that NF-kB is more active in the hypothalamus

of older mice than that of younger mice. To determine
the effect of NF-«kB on aging, researchers increased or
decreased IKK-B/NF-kB activation in the hypothalamus
of mice and evaluated age-related physiology. Mice
with decreased NF-«kB activation performed better on
cognitive and strength tests, displayed more robust
physical characteristics, and lived longer, while the mice
with increased NF-kB activation performed poorly and
had shorter lifespans than their normal counterparts. The
effects of IKK-B/NF-«B on aging were further traced

to gonadotropin-releasing hormone (GnRH), which is
depleted as IKK-B/NF-kB activation increases. To test
whether replenishing GnRH might reverse the effects

of aging, researchers gave mice GnRH injections and
found that this therapy prevented age-induced brain cell
loss and reduced age-related skin, muscle, and cognitive
degeneration. These results suggest that inflammatory
responses in the hypothalamus orchestrate aging
throughout the body and may give clues to how aging
occurs and how lifespan can be increased.

In another study, several of the researchers who
conducted the first study found a link between
obesity-related inflammation and neurodegeneration,
or loss of neuron function. They discovered that
IKK-B/NF-kB signaling promoted metabolic disease
by disrupting adult neural stem cells (NSCs) in the
hypothalamus. NSCs are a type of stem cell; like other
stem cells they are self-renewing and can develop into
many different types of cells. NSCs, in particular,

can become many different types of brain cells. The
researchers sought to identify adult NSCs in the
hypothalamus and to determine if disruption of normal
NSC function plays a role in diseases such as obesity
and diabetes. They found that in adult mice NSCs were
particularly numerous in the hypothalamus, where

they slowly produced new brain cells. A high-fat diet,
however, reduced the NSCs’ generation of new brain
cells and prevented their development into different
types of brain cells. The scientists found that increased
IKK-B/NF-kB activation was responsible for these
effects: reducing IKK-B/NF-«B activation promoted
NSC proliferation and development into different
brain cell types. Moreover, mice with increased IKK-[3
also developed glucose intolerance—a symptom of
prediabetes and diabetes—and displayed overeating
and weight gain, resulting in the onset of severe
obesity. These results suggest that high-fat diets in
mice are associated with inflammatory responses in the
hypothalamus that can reduce the number and activity
of neural stem cells, leading to neurodegeneration,
obesity, and diabetes. Together, these findings in mice
may provide a greater understanding of human aging
and metabolism and lead to prevention or treatment
strategies for obesity-related diseases, such as

type 2 diabetes.

Zhang G, Li J, Purkayastha S, et al. Hypothalamic
programming of systemic ageing involving IKK-f, NF-kB
and GnRH. Nature 497: 211-216, 2013.

LiJ, Tang Y, and Cai D. IKKS/NF-kB disrupts

adult hypothalamic neural stem cells to mediate a
neurodegenerative mechanism of dietary obesity and
pre-diabetes. Nat Cell Biol 14: 999-1012, 2012.

New Insight into Alzheimer’s Disease: Recent
research reveals individual differences in brain tissue
obtained from two patients with Alzheimer’s disease
who had distinct clinical histories and severity of
brain damage. Alzheimer’s disease is a progressive,
irreversible brain disease that destroys memory and
thinking skills. Many changes take place in the

brain of a person with Alzheimer’s disease. Some

of these changes can be observed in brain tissue by
using microscopy after death. A common abnormality
evident in the brains of people who have died with the
disorder is the amyloid plaque. The plaques consist
predominantly of abnormal deposits of a protein
fragment called beta-amyloid or B-amyloid, frequently
abbreviated as AB. The molecular architecture of AP
aggregates that develop in human brain tissue has not

NIDDK Recent Advances & Emerging Opportunities: Cross-Cutting Science



been characterized in detail, but scientific findings
to date suggest that structural variations may be
biomedically important.

For the first time, scientists precisely characterized

the molecular structures of AP fibrils that form in the
brains of patients with Alzheimer’s disease. Using
sophisticated biophysical techniques, a single-length
predominant fibril structure was recovered from

each patient; however, the fibrils were structurally
different from each other. These data suggest that
brain fibrils appear first at a single site and then spread
to other locations in the brain while retaining their
respective identical structural signatures. The study
further suggests that certain fibril structures may be
more likely to cause and/or influence the severity of
Alzheimer’s disease. The development of imaging
agents that specifically target individual fibril structures
will improve the reliability and specificity of diagnosis.

Lu J-X, Qiang W, Yau W-M, Schwieters CD, Meredith SC,
and Tycko R. Molecular structure of -amyloid fibrils in
Alzheimer’s disease brain tissue. Cell 154.: 1257-1268, 2013.

INSIGHTS INTO GENES, PROTEINS, CELLS,
AND HEALTH

Increasing Mammalian Lifespan, One Gene at a
Time: New research has shown that lowering the
activity of a gene called mTOR dramatically increased
the average lifespan of a group of mice and allowed
them to maintain high function in several—although
not all—tissue and organ systems that typically decline
with age. Found in mammals, the mTOR gene has
been implicated in such key processes as metabolism
and aging. However, the mechanism of how mTOR
reduction affects lifespan and tissue aging has not
been fully understood. Previous studies showing that
mTOR is involved in metabolic functions indicated
that this gene may be connected with the increased
lifespan associated with caloric restriction. In this
study, researchers bred a group of mice to have genetic
alterations that reduced their mTOR levels. Compared
to normal mice, these mutant mice had an increased
lifespan of around 20 percent, showed reduced signs of

aging in many organ tissues, and, as they aged, retained
more balance, grip strength, and cognitive abilities

like learning and memory. Mice with reduced mTOR
protein also appeared to have fewer malignant tumors
than normal mice. These effects of mTOR reduction
did not appear to result from altered metabolism, since
mice with less mTOR had similar metabolic profiles
compared to normal mice. However, these benefits

did not come without a price: mTOR-deficient mice
contracted more serious infections as they aged and had
more pronounced bone deterioration than their normal
counterparts. Together, these results suggest that tissue
aging may occur on related, but separate, “clocks” or be
subject to other distinct biologic regulation compared
to aging of an entire organism. Further research into
the mechanism of how mTOR reduction affects the
body is ongoing and may guide future therapies to
increase both lifespan and “health span” in humans.

WuJJ, Liu J, Chen EB, et al. Increased mammalian lifespan and
a segmental and tissue-specific slowing of aging afier genetic

reduction of mTOR expression. Cell Reports 4. 1-8, 2013.

Finding Out How B-Barrels Are Built: Recent
findings from the NIDDK Intramural Research
Program are providing important insights about the
formation of “B-barrels”—protein structures found in
the exterior membranes of a large group of bacteria,
many of which cause serious diseases. Most B-barrels
act like pores, and many fulfill essential roles like
allowing nutrients to get into the space between

outer and inner membranes that is characteristic of
Gram-negative bacteria. Chloroplasts—the structures
inside plant cells where light is converted into chemical
energy—and mitochondria—the structures in cells

of both plants and animals that extract energy from a
variety of fuel sources—share this double-membrane
organization with Gram-negative bacteria, from

which they are thought to have evolved, and also

have B-barrel pores in the exterior membrane. The
initial steps in the synthesis of proteins that contain
[B-barrels are the same as those of other proteins. The
final step—insertion of the barrel portion into the outer
membrane—is known to be accomplished by a group
of other proteins called the “barrel-assembly machinery
(BAM)” complex.

NIDDK Recent Advances & Emerging Opportunities: Cross-Cutting Science

3



4

To obtain clues about how the BAM complex fulfills
this role, the NIDDK scientists studied a critical
component of this complex, the BamA protein, itself a
B-barrel protein. They determined the three-dimensional
structures of BamA from two different disease-causing
bacteria and compared them to known structures of
other B-barrel proteins. This approach helped them to
identify unique features of BamA, and to provide likely
explanations for their role in assembly of B-barrels.

The findings suggest that parts of BamA that are on

the interior side of the membrane are able to bind

to proteins requiring membrane insertion, to open a
passage into BamA’s B-barrel, and—working with
another part of BamA that can move up and down in the
barrel—in effect, to act like a ratchet to thread a portion
of the new protein into the pore. The BamA pore itself
has a feature that thins the bacterial membrane at a key
point, and opens a fissure along the side of the BamA
barrel, facilitating movement out of the pore and into
the adjacent membrane.

The researchers hypothesize that this process

repeats until all parts of the new protein needed

to form a B-barrel have been properly arranged in

the membrane, and the two proteins separate. The
researchers also found that a simpler mechanism

may be available for a subset of B-barrel proteins,
where the inner, grappling/ratcheting portions of
BamA might insert the new protein directly into

the part of the membrane that is thinned by BamA,
without actually passing through the interior of BamA’s
barrel. Further research will be needed to determine

if these fascinating processes operate for 3-barrel
proteins in the outer membranes of other bacteria, or of
mitochondria and chloroplasts.

Noinaj N, Kuszak AJ, Gumbart JC, et al. Structural insight
into the biogenesis of f-barrel membrane proteins. Nature
501:385-390, 2013.

Skin Strikes a Balance Between Growth and
Integrity: A new study in mice has discovered that

a molecule called sphingosine-1-phosphate (S1P) is

an important—and sometimes vital—regulator of the
skin’s lifecycle. Skin cells are constantly growing,
differentiating (producing specialized types of cells),
dying, and being shed. Disruptions in this cycle can
lead to diseases where skin is too thick or too thin.
Mice lacking the gene for a protein that controls S1P
had abnormally high S1P levels and stunted growth
compared to normal mice when examined within

a few days after birth. They also had serious skin
abnormalities—the mutant animals had enhanced skin
cell differentiation, which made their skin thicker than
normal and prone to peeling and sloughing off. Many
of these mice died by three weeks of age, and the few
that survived to adulthood had skin abnormalities
throughout their lives. Further analysis of the animals’
skin cells demonstrated that increased S1P levels had
wide-ranging effects, affecting the activity of over

700 genes, many of which are involved in skin cell
differentiation. Therefore, this research suggests

that S1P metabolism plays a key role in skin cell
differentiation. These findings, if confirmed in humans,
may lead to new treatments for skin diseases caused by
abnormal skin cell differentiation, such as psoriasis.

Allende ML, Sipe LM, Tuymetova G, Wilson-Henjum KL,

Chen W, and Proia RL. Sphingosine-1-phosphate
phosphatase 1 regulates keratinocyte differentiation and
epidermal homeostasis. J Biol Chem 288 18381-18391, 2013.
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Clinical Studies Highlight Importance of
Public Biomedical Research Funding

The NIDDK is supporting clinical research studies
that highlight the distinctive position that the Institute,
as a public funder of medical research, can hold.
Biomedical research is supported by several sources,
like industry (pharmaceutical and biotechnology
companies), patient advocacy organizations, private
foundations, and, in the case of the NIH, the American
public. Many successful collaborations have brought
different funders together to maximize investments.
There are also instances for each of these funders to fill
a unique need in promoting research.

The following examples are studies that were
designed to answer critical questions in treatment

of diseases/disorders that fall under the NIDDK’s
purview, but were unlikely to have been undertaken by
the other funding sources. They are testing generic
or off-label (currently approved by the U.S. Food and
Drug Administration (FDA) for a specific use or uses,
but may be applicable to other uses) medications

or behavioral changes and, therefore, would not

be profitable to pursue. In some examples, these
studies are not testing a particular therapy, but are
studies of disease that may inform future therapies.
Finally, many of these are large studies that require
significant investment that others would simply be
unable to fund. While the NIDDK is the lead sponsor
of all of these studies, some have benefitted from
additional contributions from others, both federal and
non-federal, to help advance the research.

Diabetes Prevention and Treatment

Type 2 diabetes is a chronic and costly disease.
Therefore, it is critical to determine the best and most
affordable ways to prevent and treat the disease.

The NIDDK recently started two diabetes trials with
potentially high public health impact. Vitamin D has
emerged as a potential modifier of type 2 diabetes
risk. A large, randomized, and controlled clinical
trial, however, is required to prove if vitamin D

supplementation prevents or delays type 2 diabetes

in adults who are at high risk. Because vitamin D is
an inexpensive, generic supplement, it was unlikely
that other funders would test its value in diabetes
prevention. Therefore, the NIDDK began the

Vitamin D for Type 2 diabetes (D2d) Trial, which will
enroll over 2,000 participants. D2d could provide the
evidence for another affordable and accessible way to
help prevent or delay type 2 diabetes.

The diabetes drug metformin and/or lifestyle

change are typically used as first-line treatments for
type 2 diabetes, but no long-term, head-to-head
comparisons have been conducted to determine

the best second medication to optimize control of
type 2 diabetes, and such studies were unlikely to be
undertaken by other funders. The NIDDK’s Glycemia
Reduction Approaches in Diabetes: A Comparative
Effectiveness Study (GRADE) will compare four
commonly used diabetes drugs in combination with
metformin. GRADE will compare the drugs for their
effects on glucose levels, diabetes complications,
and quality of life, along with adverse effects, over an
average of nearly five years in 5,000 volunteers. The
outcome of the GRADE study will have a major public
health impact by establishing the most effective
treatments for early therapy of type 2 diabetes,

and has the potential to enable clinicians to make
personalized medication decisions, based upon the
individual characteristics of their patients.

The NIDDK’s Look AHEAD (Action for Health in
Diabetes) Trial is another trial unlikely to have

been conducted by industry as it does not involve
medication, but rather tests a behavioral intervention.
This clinical trial, launched in 1999, was designed to
evaluate the long-term effects—over a decade—of
an intensive weight loss intervention in over 5,000
overweight and obese older women and men

with type 2 diabetes. Look AHEAD demonstrated
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that the intensive lifestyle intervention resulted in
sustained and clinically significant weight loss with
improvements in cardiovascular risk factors as well as
quality of life. Importantly, Look AHEAD determined
that the intensive lifestyle intervention does not
reduce cardiovascular events, such as heart attack
and stroke, but did show other important health
benefits such as improved diabetes control and
reduced medication use. Look AHEAD continues to
follow study participants to determine the long-term
health impact of an intensive lifestyle intervention.

Digestive Diseases

In people with the digestive disease gastroparesis,
food is slowed or stopped moving from the stomach
to small intestine, leading to nausea, a feeling of
fullness after eating only a small amount of food,
vomiting undigested food, and lack of appetite.
Tricyclic antidepressants may block certain pathways
which regulate nausea and vomiting, and thus are
frequently used for treatment of these symptoms in
people with gastroparesis. Yet a large, randomized,
and controlled trial was needed to provide evidence
as to whether or not this practice benefits people with
gastroparesis. Because this is not the disease for
which the medication was approved, it was necessary
for the clinical trial to be approved by the FDA; these
conditions made it less likely that other funders
would pursue such a trial. NIDDK’s Nortriptyline for
Idiopathic Gastroparesis (NORIG) Trial sought to
evaluate whether treatment with nortriptyline, a drug
used to treat depression, can improve gastroparesis
symptoms. The study determined that nortriptyline
did not improve overall symptoms in idiopathic
gastroparesis over a 15-week period. However,
improvements in appetite, satiety, and body mass
index (BMI) were noted. NORIG was conducted

as part of the Gastroparesis Clinical Research
Consortium.

Chronic Kidney Disease

Despite the impact of chronic kidney disease on the
nation’s health, understanding of its epidemiology—the
study of the causes, distribution, and control of disease
in populations—remains incomplete. To fill this need,
in 2001 the NIDDK established the Chronic Renal
Insufficiency Cohort (CRIC) Study to identify risk factors
that predict loss of kidney function, as well as the
development and worsening of cardiovascular disease,
in people with chronic kidney disease. The CRIC Study
investigators recruited and are following nearly 3,900
volunteers, the largest and most comprehensive study
of chronic kidney disease ever conducted. The CRIC
Study investigators characterized this large cohort,
contributing numerous important findings to knowledge
about chronic kidney disease, and are now conducting
extended follow-up of its participants. In addition, the
NIDDK also supports a similar study of chronic kidney
disease in children, the Chronic Kidney Disease in
Children (CKiD) study. The long-term, observational
nature of these studies makes them uniquely suited for
NIDDK support, allowing investigators to glean new
insights into the management and outcomes of chronic
kidney disease.

Conclusion

Without NIDDK support, it was unlikely that these
important clinical trials and studies would be
conducted. In addition to filling critical gaps in
knowledge, many of these efforts are collecting extra
biosamples that are stored in the NIDDK’s Central
Repository for further research. This Web-enabled
Central Repository makes biological samples and data
from NIDDK-funded research available to the broader
scientific community. These resources facilitate the
testing of hypotheses without the need for new data
generation or sample collection. Access to these
NIDDK resources is an additional benefit from the
public funding of important biomedical clinical trials.
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SBIR and STTR Programs: Advancing Health Technology
Development Through Public-Private Partnerships

The translation of basic research findings to the
development and commercialization of therapeutic
drugs, medical devices, and other innovative products
remains a fundamental challenge for improving public
health. The NIH Small Business Innovation Research
(SBIR) and Small Business Technology Transfer
(STTR) programs were designed to address this issue,
supporting research and development (R&D) efforts by
U.S. small businesses (i.e., companies with no more
than 500 employees) to help develop promising and
innovative health technologies.

The two programs are similar, in that they include the
following objectives: using small businesses to stimulate
technological innovation; strengthening the role of small
business in meeting public R&D needs; increasing
private sector commercialization of innovations
developed through public-private partnerships;
increasing small business participation in public R&D;
and fostering and encouraging participation by socially
and economically disadvantaged small businesses, and
by and women-owned businesses.

One important difference is that for the SBIR program,
the principal investigator’s main employment must be
with the small business itself; the STTR program has
no such requirement, and thus many STTR grantees
work primarily at non-profit research institutions

(e.g., universities) and cooperatively engage in R&D
programs with private sector businesses.

The SBIR/STTR programs are structured in three
phases, the first two of which are typically funded by
the NIH: Phase |, which aims to establish the technical
merit, feasibility, and potential for commercialization
of the proposed R&D efforts and to determine the
quality of performance of the small business; Phase

I, which increases funding of R&D efforts initiated in
Phase |, based on scientific and technical merit, as
well as commercial potential; and Phase lll, which,
where appropriate, is for small businesses to pursue,

with non-SBIR/STTR funds, the commercialization
objectives resulting from the Phase I/ll R&D activities.
Grantees of the SBIR program are also eligible for
technical assistance programs, which offer specialized,
strategic business training and provide access to a
vast network of industry experts. Support for research
that falls within these different phases of the drug and
therapy development pipeline is critically important,
but has historically been underfunded—resulting in the
so-called “valley of death” of investment in the drug
and device development process.

Thus, the SBIR/STTR programs are important
mechanisms for bridging that valley as a way to
translate basic research findings to drugs, devices, and
products that can benefit people. The NIDDK funds
numerous SBIR/STTR grants supporting a variety of
research on promising health technologies relevant

to its mission. A few examples among many success
stories are highlighted below.

The Sharklet Catheter

Catheter-associated urinary tract infections (CAUTIs)
are the leading cause of hospital-acquired infections.
CAUTIs are caused by bacteria that colonize the urinary
catheter surface, leading to the formation of harmful
bacterial sheets, or biofilms, over time. Sharks, unlike
other marine animals, do not accumulate bacteria,
algae, and other microorganisms on their skin. Shark
skin is textured with diamond-shaped features, called
denticles, topped with small spines.

This intriguing, naturally occurring design inspired
investigators at Sharklet Technologies, Inc. to develop
silicone catheters that resist biofilm formation and
reduce bacterial colonization. Importantly, the
innovative microbial resistance comes from the surface
texture, without needing antibiotics, thus reducing the
risk for the emergence of drug-resistant bacterial strains.
The Sharklet catheter, supported in part by NIDDK
through Phase | and Il SBIR grants, successfully inhibits
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bacterial migration and has now been licensed to a
medical device manufacturer.

HemoShear

A great number of drugs fail during the clinical trial
process, often due to liver toxicity. Historically,

drugs were tested for toxicity using cells grown in the
laboratory and in animal models before they were tested
in humans in clinical trials. These laboratory and animal
systems, however, do not always reflect human liver
biology accurately, allowing drugs to continue on to
human trials that, after considerable time and expense,
could ultimately end in failure because of toxicity.

The company HemoShear, LLC, with NIDDK Phase |
and Il SBIR support, developed a cell-based system
that may more accurately represent the complex
biology of the human liver, thereby improving the
likelihood of discovering toxicity before costly and
time-consuming clinical trials. HemoShear’s innovative
technology has the potential to save pharmaceutical
companies money and time, as well as to spare
patients the risk of encountering unexpected toxicity,
by allowing companies to focus trials on the most
safe and promising candidate drugs. Leading
biotechnology and pharmaceutical companies are
already working with HemoShear’s system to improve
their methods for evaluating the safety and efficacy of
potential therapeutics.

Artificial Pancreas Technologies

When blood glucose levels are not well controlled,

a person with diabetes is at much greater risk for
developing devastating health complications, including
blindness, kidney disease and kidney failure, nerve
problems, and cardiovascular disease. An artificial
pancreas, or a “closed-loop system,” is technology

in which a computer calculates insulin dose based

on glucose levels and delivers insulin automatically
through an insulin pump with minimal human input.
Such technology holds great promise to help people
with type 1 diabetes, as well as other populations, safely
achieve recommended levels of blood glucose control.

The NIDDK has supported many aspects of research
toward the development of an artificial pancreas, to a
large extent through SBIR and STTR grants, for at least
two decades. For example, all the current continuous
glucose monitoring (CGM) technology on the market—
technology that measures circulating glucose levels

in real time—benefitted from NIDDK support early

in development. Those technologies have been
approved by the U.S. Food and Drug Administration
and are currently being used by patients, but are

also an important component of a future artificial
pancreas system. In addition to CGM, SBIR/STTR
grants support a range of other research critical for
artificial pancreas development, including efforts to
increase the stabilities of insulin and its opposing
hormone glucagon, improve insulin delivery systems,
and explore new ways to make artificial pancreas
technologies more user-friendly and convenient for
people with type 1 diabetes.

Conclusions

These success stories highlight the groundbreaking
health technology innovations that can arise from
public-private partnerships. New products that result
from the SBIR/STTR programs have the potential to
improve health, foster exciting new research directions,
and reduce the costs of drug development and health
care. The SBIR and STTR programs currently are
authorized through 2017, and will continue to bridge
important gaps in the pipeline of drug and medical
device development.
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NIDDK-NIBIB s Biomedical and Metabolic Imaging
Branch: Collaboration Leads to Better Imaging

In 2011, two NIH Institutes joined forces to share their
expertise and sophisticated imaging tools to advance
the understanding of cardiovascular disease, diabetes,
and other challenging health conditions. The NIDDK
and the National Institute of Biomedical Imaging and
Bioengineering (NIBIB) have been conducting a joint
program called the Biomedical and Metabolic Imaging
Branch (BMIB) in the NIH Clinical Research Center.

The BMIB’s multidisciplinary team includes imaging
physicists, spectroscopists, and clinicians; the daily
operations of the branch are managed by NIDDK senior
radiologist Dr. Ahmed Gharib. The BMIB’s high-quality
imaging capabilities provide basic scientists and
clinicians with a more accurate depiction of a
developing disease, while low-quality images increase
the likelihood of misdiagnosis.

For example, a low-resolution liver scan may leave
important details—such as tiny tumors—blurry and
difficult to identify. High-resolution scans, taken from
many angles, however, provide clear and detailed
images that enable researchers to pinpoint problems
earlier in a disease. Advanced imaging techniques
can also be used to examine multiple organs
simultaneously, making it possible to understand,
detect, and manage various systemic diseases.

Advances in imaging also allow researchers to image
parts of the body faster and in greater anatomic and
functional detail than ever before. BMIB researchers
use a computed-tomography (CT) technique to
capture crisp images of the heart’s blood vessels while
the heart is beating. Imaging a functioning heart is
somewhat like photographing a fast-moving car—the
more pictures taken, the greater the likelihood that at
least one will be clear. Researchers can now capture
a full CT scan of the heart in one to two heartbeats,
whereas just a decade ago the same scan would have
required 16 heartbeats.

BMIB’s high-quality imaging capabilities provide basic

scientists and clinicians with a more accurate depiction

of a developing disease. Here, a three-dimensional
reconstructed image of the whole heart (center) is flanked
by detailed images of the right coronary artery (right) and
left anterior descending coronary artery (left). The red and
yellow arrows indicate different types of coronary plaques,
which can be early signs of heart disease. Photo courtesy
of Dr. Ahmed Gharib, from J Clin Endocrinol Metab. 2013
May; 98(5): 2045-2052. Reprinted with permission from
Nature Publishing Group.

The BMIB’s use of state-of-the-art imaging equipment
and newly developed techniques benefit a variety of
patients and support an expansive range of research
across NIH. Proton magnetic resonance spectroscopy
(MRS), for example, allows researchers to measure

not only fat in the liver but also metabolites such as
glycogen and choline. Studying these liver metabolites
enhances the understanding of lipid and glucose
metabolism under the more controlled environment of a
metabolic research unit.

The BMIB grew out of NIDDK’s Integrated
Cardiovascular Imaging Lab, which focused its
efforts on demonstrating the link between metabolic
syndrome (a combination of factors that increases
the risk of heart disease, stroke, and diabetes) and
atherogenesis (the formation of lesions in arterial
walls). Today, BMIB researchers work with the

NIDDK Recent Advances & Emerging Opportunities: Cross-Cutting Science

9



10

NIDDK-led Metabolic Clinical Research Unit (MCRU)
to investigate the interrelationship between obesity,
coronary heart disease, and other conditions. Obese
MCRU patients often go to the BMIB to be scanned

in its three-tesla magnetic resonance imaging (MRI)
machine that can accommodate people who weigh up
to 500 pounds. The imaging techniques used on such
patients allow scientists to better understand a range
of metabolic diseases.

“The work that we are doing in the branch holds
tremendous promise for improved understanding of
systemic disease and for early detection methods
[especially for] atherosclerosis, which has long been
the number one killer in much of the developed world,”
said NIBIB Director Dr. Roderic Pettigrew. “We hope
to see hospitals throughout the world one day using
approaches based on this research.”

In keeping with NIH’s focus on collaboration, BMIB
staff scientists Drs. Ronald Ouwerkerk and Khaled
Abd-Elmoniem and others work closely with other
Institutes—such as the Eunice Kennedy Shriver
National Institute of Child Health and Human
Development, the National Institute of Allergy and
Infectious Diseases, and the National Heart, Lung,

and Blood Institute—that also depend on advanced
imaging. For example, BMIB investigators have
developed MRI and MRS techniques that can assess
the metabolic composition of various organs and
measure tissue stiffness. High-resolution coronary MRI
provides a two-fold improvement over conventional
MRI in spatial resolution.

Additionally, improvements in temporal resolution allow
researchers to view and measure the thickening of

the coronary artery wall, the earliest stage of coronary
artery disease. In the future, these new techniques
may be used to monitor the effects of therapies and
screen people at risk for coronary artery disease as well
as metabolic and liver dysfunction.

“The collaborative infrastructure at NIH has enabled
all of us to work together more efficiently,” said NIDDK
Director Dr. Griffin P. Rodgers. “The Biomedical and
Metabolic Imaging Branch is an excellent example

of what can be accomplished through ongoing
partnerships within NIH.”

This feature was adapted from an article that originally
appeared in the May-June 2013 edition of the NIH
Catalyst.
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NIDDK Health Information Resources for the Public

Tips Far Teans with Diabatas

About Diabetes
Maticnal Diabatas Education Program 5 | STE R S
TOGETHER

The NIDDK’s research mission includes some of the
most common and consequential conditions affecting
Americans today, as well as diseases that are more
rare but nonetheless devastating. Every year, people
diagnosed with these conditions and their family
members ask themselves and their doctors, “What do
I need to know? How can | protect my health and my
family’s health?”

The NIDDK is dedicated to delivering accurate,
science-based health information to the public.

The NIDDK offers many publications aimed at
informing doctors, patients, and families affected
by these conditions. A wide variety of informational
materials are offered in multiple languages and
often in large-print editions. To reach the widest
possible audience, the publications are available as
free downloads online, and printed materials can be
ordered for free or at nominal cost.

All of these resources can be reached through the
NIDDK Clearinghouses Publications Catalog at
www.catalog.niddk.nih.gov

Take Care of Your Feet
for a Lifetime

A booklet for people with diabetes

on Health Guide

A I),J
INDEP = utional Disbetes Education Program

Disease-specific information is available through the:
e National Diabetes Information Clearinghouse
e National Digestive Diseases Information
Clearinghouse

¢ National Kidney and Urologic Diseases
Information Clearinghouse

e Weight-control Information Network

e National Diabetes Education Program

¢ National Kidney Disease Education Program

e National Endocrine and Metabolic Diseases
Information Service

¢ National Hematologic Diseases Information
Service

NIDDK Director Dr. Griffin P. Rodgers highlights the
dissemination of knowledge through outreach and
communication efforts as one of the overarching
principles that guide his leadership and vision for the
NIDDK. As Dr. Rodgers states, “We are continuing
efforts to ensure that the science-based knowledge
gained from NIDDK-funded research is imparted to
health care providers and the public for the direct
benefit of patients and their families.”
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This poster announced the “Imaging the Pancreatic Beta
Cell Workshop” held in April 2013, which was co-sponsored
by the NIDDK, JDRF, and the European Union. Shown on

the poster is a human pancreatic islet, which contains many
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Diabetes, Endocrinology, and
Metabolic Diseases

IDDK support of basic and clinical research in the areas of diabetes, endocrinology, and

metabolic diseases spans a vast and diverse range of diseases and conditions, including

diabetes, osteoporosis, cystic fibrosis, and obesity. Together, these diseases and conditions

affect many millions of Americans and can profoundly decrease quality of life. Many of these diseases are

complex—an interplay between genetic and environmental factors contributes to disease development.

Diabetes is a debilitating disease that affects an
estimated 25.8 million people in the United States—or
8.3 percent of the total population—and is the seventh
leading cause of death.! Compared with people of
similar age without the disease, diabetes doubles
people’s overall risk of death, as well as increases
their risk of death from cardiovascular disease two- to
four-fold. Diabetes is also the leading cause of kidney
failure, nontraumatic lower limb amputations, and, in
working-age adults, blindness.! In addition to these
human costs, the estimated total financial cost for
diabetes in the United States in 2012—including costs
of medical care, disability, and premature death—was
$245 billion.? Effective therapy can prevent or delay
diabetic complications, but approximately one-quarter
of Americans with diabetes are undiagnosed and
therefore not receiving therapy.'

Diabetes is characterized by the body’s inability to
produce and/or respond appropriately to insulin, a
hormone that is necessary for the body to absorb and
use glucose (sugar) as a cellular fuel. These defects
result in persistent elevation of blood glucose levels
and other metabolic abnormalities, which in turn lead
to the development of disease complications. The
most common forms of diabetes are type 1 diabetes, in
which the body loses its ability to produce insulin, and
type 2 diabetes, in which the body becomes resistant
to insulin signaling, with subsequent impaired insulin
production. In addition, a significant proportion

of pregnant women each year are diagnosed with

gestational diabetes, a form of diabetes that is similar
to type 2 diabetes but unique to pregnancy. Untreated,
any form of diabetes during pregnancy increases the
risk of serious complications for the mother and baby
before, during, and after delivery.

Type 1 diabetes, formerly known as juvenile diabetes,
affects approximately five percent of adults and the
majority of children and youth with diagnosed diabetes.'
It most often develops during childhood, but may
appear at any age. Type 1 diabetes is an autoimmune
disease in which the immune system launches a
misguided attack and destroys the insulin-producing
beta (B) cells of the pancreas. If left untreated,

type 1 diabetes results in death from starvation:
without insulin, glucose is not transported from the
bloodstream into the body’s cells, where it is needed.
Thus, patients require lifelong insulin administration—
in the form of multiple daily injections or via an

insulin pump—in order to regulate their blood glucose
levels. The NIDDK’s landmark Diabetes Control

and Complications Trial (DCCT)/Epidemiology of
Diabetes Interventions and Complications (EDIC)
study demonstrated that keeping blood glucose levels
as near to normal as safely possible reduced the risk of
eye, kidney, nerve, and heart complications associated

! 2011 National Diabetes Fact Sheet. Centers for Disease
Control and Prevention. Atlanta, GA.

2 American Diabetes Association. Diabetes Care 36:
1033-1046, 2013.
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with type 1 diabetes. Thirty years after the launch of the
DCCT in 1983, the DCCT and EDIC studies continue
to provide important information about type 1 diabetes
and its complications. However, despite vigilance

in disease management, with frequent finger sticks

to test blood glucose levels and the administration

of insulin, it is still impossible for patients to control
blood glucose levels to levels achieved by functional

f cells. Thus, researchers are actively seeking new
methods to improve blood glucose monitoring and
insulin delivery, including technology to link them in
an “artificial pancreas,” as well as working to develop f3
cell replacement therapies to cure type 1 diabetes.

Type 2 diabetes is the most common form of the
disease, accounting for about 90 to 95 percent

of diagnosed diabetes cases in U.S. adults."

Type 2 diabetes is associated with several factors,
including older age and a family history of the disease.
It is also strongly associated with obesity; more than
80 percent of adults with diabetes are overweight or
obese.® Type 2 diabetes occurs at higher rates among
minority groups, including African Americans,
Hispanic and Latino Americans, American Indians, and
Native Hawaiians and Pacific Islanders.! Gestational
diabetes is also a risk factor: women who have had
gestational diabetes have a 35 to 60 percent chance of
developing diabetes—mostly type 2 diabetes—in the
next 10 to 20 years.!

In people with type 2 diabetes, cells in muscle, fat,

and liver tissue do not properly respond to insulin.

As a result, the pancreas initially produces more
insulin to compensate. Gradually, however, the
pancreatic 3 cells lose their ability to secrete enough
insulin to restore balance, and the timing of insulin
secretion becomes abnormal, causing blood glucose
levels to rise. Treatment approaches for controlling
glucose levels include diet, exercise, and oral and
injected medications, with insulin often required as
the disease progresses. There are also an estimated

79 million adults in the United States who have a
condition called “prediabetes,” in which blood glucose
levels are higher than normal, but not as high as in
diabetes.! This population is at high risk of developing
diabetes. Fortunately, the NIDDK-supported Diabetes

Prevention Program (DPP) clinical trial has shown

that people with prediabetes can dramatically reduce
their risk of developing type 2 diabetes with diet and
exercise changes designed to achieve a seven percent
reduction in body weight. Moreover, follow-up
research has shown that this benefit of reduced diabetes
risk can persist for at least 10 years.

Type 2 diabetes was previously called “adult-onset”
diabetes because it is predominantly diagnosed in

older individuals. However, this form of diabetes

is increasingly being diagnosed in children and
adolescents, and it disproportionately affects minority
youth. Believed to be related to increasing rates of
pediatric obesity, this is an alarming trend for many
reasons. For example, the NIDDK-supported Treatment
Options for type 2 Diabetes in Adolescents and Youth
(TODAY) clinical trial showed that the disease may be
more aggressive and difficult to treat in youth compared
to adults. This is worrisome because the onset and
severity of disease complications correlate with both the
duration of diabetes and control of blood glucose levels;
thus, those with early disease onset are at greater risk
with respect to complications than those who develop
the disease later in life. The TODAY study continues to
provide valuable information on type 2 diabetes in youth,
including data on poor risk factor control and emerging
complications among study participants, highlighting
the urgent need for further research toward effectively
preventing and treating type 2 diabetes in youth. In
addition, increasing rates of type 2 diabetes in girls may
lead to more women who enter pregnancy with diabetes,
and maternal diabetes during pregnancy—either onset
of type 2 diabetes before pregnancy or the development
of gestational diabetes during pregnancy—confers an
increased risk of type 2 diabetes in offspring. Thus, the
rising rates of diabetes and prediabetes in young women
could lead to a cycle of ever-growing rates of diabetes.
Therefore, the advent of type 2 diabetes in youth has

the potential to worsen the enormous health burden that
diabetes already places on the United States.

The NIDDK is supporting research to better understand
metabolism and the mechanisms that lead to the

* Eberhardt MS, et al. MMWR 53: 1066-1068, 2004.
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development and progression of diabetes and the many
other endocrine and metabolic diseases within the
NIDDK'’s mission; such research will ultimately spur
the design of potential new intervention strategies.

In parallel, based on knowledge from past scientific
research investments, the NIDDK is vigorously
pursuing studies of prevention and treatment
approaches for these diseases.

BETA CELLS AND DIABETES

New Class of Genes Involved in Beta Cell Maturation
and Diabetes: Researchers have identified a new class
of genes that plays a role in maturation of pancreatic
insulin-producing beta (f3) cells and may be involved

in diabetes. RNA has been known historically as the
intermediate between DNA and proteins: DNA is
decoded into RNA, which in turn is translated into
protein. However, recent research has discovered the
presence of numerous RNA molecules that are encoded
from DNA but not translated into proteins. A subset

of these RNAs is called “long non-coding RNAs”
(IncRNAs), and their function is largely unknown,
although research suggests that some may be involved
in regulating whether genes are turned on or off (gene
expression). While many protein-coding RNAs are
often present in several different cell types, IncRNAs are
often found only in a single cell type. This observation
suggests that IncRNAs may regulate cell-specific tasks,
and potentially makes them attractive targets for therapy
to affect one cell type.

Because B cells are central to the development of

both type 1 and type 2 diabetes, researchers sought

to identify IncRNAs that were expressed in human
pancreatic islets, which are primarily composed of

B cells. They identified over 1,100 IncRNAs expressed
in islets, with about half of them expressed in islets
only. They next looked at a subset of IncRNAs, to
determine when they were expressed during {3 cell
development. The IncRNAs were not present in early
progenitor cells, but were active in mature islets,
suggesting that they may play a role in promoting [ cell
maturation. Additional experiments suggested that
IncRNAs may function by controlling the expression

of islet-specific genes. These findings are important
because a major goal of diabetes research is to identify
strategies to turn progenitor cells into mature 3 cells,
and this research has identified a class of molecules
that may be involved in this process and/or could be
markers of mature f3 cells.

The researchers next examined whether the IncRNAs
may play arole in type 2 diabetes. They discovered

a small number of IncRNAs that were abnormally
expressed in human islets from people with

type 2 diabetes, and others that were located near
genetic regions previously shown to be associated
with susceptibility to type 2 diabetes, suggesting that
IncRNA abnormalities may explain part of the genetic
susceptibility to type 2 diabetes. This research has
therefore identified a new class of genes that are
expressed in islets, promote maturation of  cells, and
may play arole in type 2 diabetes. It also opens up
new avenues for studying and potentially promoting
B cell maturation, and for examining the underlying
genetic causes of diabetes toward identifying new
targets for therapy.

Moran I, Akerman I, van de Bunt M, et al. Human [ cell
transcriptome analysis uncovers IncRNAs that are
tissue-specific, dynamically regulated, and abnormally
expressed in type 2 diabetes. Cell Metab 16: 435-448, 2012.

Protein on Surface of Beta Cells Is Possible

Type 2 Diabetes Drug Target: Researchers discovered
that a protein found on the surface of insulin-producing
beta (B) cells in the pancreas may be an attractive

drug target to prevent or treat type 2 diabetes. In

type 2 diabetes, P cells do not release enough insulin

to maintain healthy blood glucose levels. This defect

is due to impairments in 3 cell function combined with
reduced numbers of B cells (referred to as B cell mass).
Scientists examined whether turning on (activating) a
protein—called a Gq-coupled receptor—found on the
surface of B cells would have an effect on [ cell mass

or function in mice. A related protein, a G -coupled
receptor, is already the target of type 2 diabetes drugs in
humans, so the researchers wanted to determine if the
Gq—coupled receptor could also be a potential drug target.
Like the G, form of the protein, the G, form is found on
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many different cell types. Thus, to study the G, form

in B cells only, they used an experimental mouse model
they had previously generated, which made a “designer”
Gq—coupled receptor specifically in B cells. The designer
receptor could be activated by giving the animals a
compound that was otherwise biologically inert.

The scientists discovered that chronically activating the
designer Gq—coupled receptor with the compound resulted
in a robust increase in the animals’ § cell mass and
function. This was associated with increased expression
(turning on) of several genes known to be involved in
promoting B cell development or maintaining normal

B cell function. Activating the receptor prevented the
animals from developing diabetes induced by a toxin that
destroys a large percentage of 3 cells. It also prevented
the metabolic defects seen when mice eat a high-fat

diet. These results suggest that Gq-coupled receptors
play an important role in regulating 3 cell function and
blood glucose levels in mice. If they play a similar role
in humans, they would be attractive targets for drug
development to combat type 2 diabetes. Because the
receptors are found on other cell types, therapeutic
approaches would need to activate receptors found on

B cells specifically so as to minimize side effects.

Jain S, Ruiz de Azua I, Lu H, White MF, Guettier JM, and
Wess J. Chronic activation of a designer Gq—coupled receptor
improves f3 cell function. J Clin Invest 123: 1750-1762, 2013.

Newly Discovered Hormone Increases Beta Cell
Proliferation in Mice: Researchers have discovered
anew hormone, called betatrophin, that promotes
pancreatic beta (B) cell proliferation and improves
glucose control in mice. Scientists hope the finding may
lead to new ways to prevent or slow the progression of
diabetes in humans. B cells, which produce the hormone
insulin, are destroyed by the immune system in people
with type 1 diabetes and may not function normally in
people with type 2 diabetes. Identifying ways to replace
lost B cells and restore the body’s insulin-producing
capacity would benefit people with type 1 or

type 2 diabetes and is a major research goal. Previous
research found that blocking insulin signaling in tissues
such as the liver resulted in 3 cell proliferation and
increased insulin secretion. To determine what causes

this effect, and to provide clues to what cellular factors
may regulate f cell proliferation, researchers treated
mice with a molecule that blocked insulin signaling
and then studied what genes were turned on as f3 cells
proliferated. They identified a gene that was turned on
in the liver and fat of treated mice. The gene was found
to encode a protein, which they named betatrophin. The
researchers discovered that the protein is secreted by
the liver and fat, and travels through the bloodstream.
Increasing the amount of betatrophin produced in mice
tripled the mass of their pancreatic § cells in just eight
days, doubled insulin production, and led to a lower
fasting glucose level and improved glucose tolerance
compared to control mice. Humans have a very similar
gene, though whether or not human betatrophin plays

a similar role as mouse betatrophin is currently under
investigation. Research to understand what proteins
betatrophin interacts with, how betatrophin stimulates
B cell proliferation, and what betatrophin’s other
functions might be is still ongoing and could possibly
lead to new therapies.

Yi P, Park JS, and Melton DA. Betatrophin: a hormone that
controls pancreatic f cell proliferation. Cell 153: 747-758,
2013.

ADVANCING TECHNOLOGY IN
DIABETES MANAGEMENT

Smartphone Technology Advances Progress Toward
the Development of an Artificial Pancreas for People
with Type 1 Diabetes: Researchers used smartphone
technology to move a step closer toward developing

an artificial pancreas. An artificial pancreas, or a
“closed-loop system,” is technology in which a computer
calculates insulin dose based on glucose levels and
delivers insulin automatically through an insulin pump
with minimal human input. Such technology holds great
promise to help people safely achieve recommended
levels of blood glucose control, as well as to alleviate

an enormous amount of patient burden associated

with current self-management strategies. Significant
progress toward developing an artificial pancreas has
been achieved in recent years, with researchers testing
closed-loop systems in people in hospital settings using
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laptop computers, which limits mobility. To realize the
promise of this technology, patients need a portable and
wearable system so that they can carry out activities of

daily life.

In new research, scientists tested whether smart

phone technology could replace laptops to control a
closed-loop system. They tested their new technology,
called the Diabetes Assistant (DiAs), in 20 people

with type 1 diabetes at four sites in the United States
and Europe. DiAs (on a smartphone) communicated
wirelessly with a communication box, which in turn
signaled wirelessly to a continuous glucose monitor
(which measures blood glucose levels) and an insulin
pump. After participants were given a brief orientation
about how to use DiAs, they used the system on their
own. Participants stayed in real world settings, such

as hotels, and ate whatever they wanted; to ensure that
they were safe at all times, they were closely monitored
by study personnel.

The study found that the artificial pancreas system

had proper system communication 98 percent of the
time, which was higher than the goal of 80 percent in
this study. The researchers concluded that smartphone
technology could be used to run a closed-loop system,
and that DiAs is a promising platform for future

study. The technology has already advanced since

this study was conducted, and the intermediate device
(communication box) is being phased out. This research
is an important step forward toward developing a
portable, usable, and safe artificial pancreas system, and
sets the stage for future clinical trials.

Kovatchev BP, Renard E, Cobelli C, et al. Feasibility

of outpatient fully integrated closed-loop control: first
studies of wearable artificial pancreas. Diabetes Care 36:
1851-1858, 2013.

CARDIOVASCULAR DISEASE RISK IN
YOUTH WITH TYPE 1 DIABETES

Increased Understanding of Cardiovascular Disease
Risk Factors in Youth with Type 1 Diabetes: Two
studies of cardiovascular disease (CVD) risk factors

in youth with type 1 diabetes provide new information
about progression of CVD in this population, and about
potential prevention strategies. Type 1 diabetes, like

type 2 diabetes, is associated with an array of serious,
long-term complications, including CVD. People

with diabetes have a greatly increased risk for CVD,
CVD occurs earlier in people with diabetes than in
people without diabetes, and CVD is the leading

cause of mortality in people with diabetes. Youth with
type | diabetes will endure a higher lifetime burden of
diabetes than adults and, therefore, a higher burden of
complications, including CVD. It is not known, however,
whether CVD in youth with type 1 diabetes has similar
risk factors and/or the same progression to advanced
disease as in adults. By studying the natural history of
CVD and examining CVD risk factors in youth with

type 1 diabetes, scientists from the SEARCH for Diabetes
in Youth CVD Study gained insights that could lead to
strategies to prevent or treat CVD in this population.

In the first study, SEARCH scientists examined heart
rate variability in youth with type 1 diabetes. The
autonomic nervous system regulates heart rate, enabling
changes in heart rate in response to activity/stress and
rest. Reduced heart rate variability is a sign of cardiac
autonomic neuropathy, a complication of diabetes
that increases the risk of mortality. The researchers
found that youth with type 1 diabetes have reduced
overall heart rate variability, particularly youth with
suboptimal blood glucose control, compared to youth
without type 1 diabetes. In the other study, SEARCH
scientists examined the “carotid intima-media
thickness” (IMT) of youth with type 1 diabetes. IMT
is a measure of the thickness of the arterial wall of
the carotid artery, which supplies the head and neck
with oxygenated blood. A thickening of the arterial
walls can indicate the presence of atherosclerosis. In
adults, type 1 diabetes leads to an increase in carotid
IMT. In this study, the researchers found that youth
with the disease also had increased IMT and that this
association may be attributable to poor blood glucose
control, compared to youth without type 1 diabetes.
Therefore, both heart rate variability and IMT are
altered in youth with type 1 diabetes, indicating that
this population shows signs of CVD risk early in the
course of the disease.
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The NIDDK'’s Diabetes Control and Complications
Trial (DCCT) and its follow-up study, Epidemiology of
Diabetes Interventions and Complications, found that
adults with type 1 diabetes who had intensive blood
glucose control during the DCCT had about half the
rate of CVD events compared to those who received
conventional treatment. The SEARCH CVD study has
provided novel data about CVD and its risk factors in
youth with type 1 diabetes, and the findings continue to
suggest the importance of good blood glucose control
to prevent CVD in people with the disease.

Jaiswal M, Urbina EM, Wadwa RP, et al. Reduced heart rate
variability among youth with type 1 diabetes: the SEARCH
CVD study. Diabetes Care 36: 157-162, 2013.

Urbina EM, Dabelea D, D ’Agostino RB Jr, et al. Effect
of type 1 diabetes on carotid structure and function in
adolescents and young adults: the SEARCH CVD study.
Diabetes Care 36: 2597-2599, 2013.

UNDERSTANDING THE MECHANISM OF A
DRUG USED TO TREAT TYPE 2 DIABETES

New Mechanism Proposed for Glucose-lowering
Effect of Metformin, a Drug for Type 2 Diabetes:

A new report may explain how the diabetes drug
metformin exerts its effects, providing a potential target
for development of new therapeutics. The liver plays an
important role in blood glucose (sugar) levels by sending
glucose into the bloodstream when levels start to drop
between meals. Liver glucose output during fasting

is triggered by glucagon, a hormone secreted by the
pancreas that works in opposition to another hormone,
insulin, which the pancreas secretes when blood
glucose levels are high (after meals). In people with
type 2 diabetes, not only does the body become resistant
to the glucose-lowering effect of insulin, but it also
produces glucagon inappropriately. As a result, glucose
enters the bloodstream from the liver when it is not
needed, contributing to high blood glucose levels. The
most commonly prescribed oral drug for treatment of
type 2 diabetes, metformin, helps control blood glucose
levels by reducing the amount of glucose coming from
the liver. How it is able to do this has been unclear.

Metformin treatment causes an increase in the levels
of a molecule called AMP. AMP activates an enzyme
called AMPK, and the activated AMPK was thought
to reduce liver glucose production, accounting for
metformin’s effects. Now, working in mouse liver
cells and mouse models, researchers have uncovered
evidence strongly suggesting that metformin
interferes with glucagon-induced glucose output by
disrupting the initial steps of glucagon signaling in
liver cells. In particular, their data suggest that the
metformin-induced rise in AMP inhibits glucagon’s
activation of an enzyme called adenylate cyclase, the
first step in the molecular signal for glucose production
inside liver cells. Ifthis theory is borne out, it paves
the way to developing potential new drug treatments
for type 2 diabetes that specifically target this enzyme.
These findings also reinforce the importance of
glucagon and finding ways to minimize its abnormal
activity in type 2 diabetes.

Miller RA, Chu Q, Xie J, Foretz M, Viollet B, and Birnbaum
MJ. Biguanides suppress hepatic glucagon signalling by
decreasing production of cyclic AMP. Nature 494: 256-260,
2013.

ADVANCES IN CYSTIC FIBROSIS TESTING
AND TREATMENT

An Important Proof of Principle for the
“Combination Therapy” Approach to Treating
the Most Common Cystic Fibrosis Mutation: New
research has shown that it may one day be possible
to treat people with cystic fibrosis (CF) using a
combination of medicines that work cooperatively

to stabilize an aberrant form of CFTR, the protein
that is defective in CF. Among people with CF, the
most common genetic mutation causing the disease
is designated cftr-4F508. The U.S. Food and Drug
Administration recently approved a “small molecule
corrector” drug that alleviates CF when it is caused
by a less common CFTR mutation (found in roughly
five percent of CF patients), allowing patients with
the rarer mutation to lead their lives with far fewer
symptoms of the disease. However, researchers have
not yet been successful in taking a similar approach
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to find small molecule correctors for the cftr-AF508
mutation. While several candidate small molecule
drugs have been found to improve stability of the
cftr-AF508 protein in the laboratory, clinical trials

are still under way with people with this mutation,

so their therapeutic value is not yet known. Previous
NIDDK-supported research identified a possible
explanation: 4F508 destabilizes multiple “domains”
of the protein (distinct sections of the protein which
fulfill specific biological roles). In particular, 4F508
disrupts two “nucleotide binding domains” (designated
NBD1 and NBD2), as well as the interaction of NBD1
with critical regions that connect parts of the protein
that are inside the cell with a portion that is outside

the cell, termed “membrane spanning” domains. The
new study characterizes the existing candidate drugs
in terms of which domain they stabilize, effectively
defining three classes of corrector compounds.
Existing correctors stabilize the interaction of NBD1
with the first and second membrane spanning domains
(class I) or stabilize NBD2 (class II). Also necessary is
stabilization of NBD1 itself (class III), achieved in this
study by using the chemical glycerol or other “chemical
chaperones.” In a key test on human lung cells

grown in the laboratory that harbored the cftr-4F508
mutation, they found that using only one or two classes
of correctors resulted in very little CFTR activity; but
combined treatment with all three classes of correctors
achieved almost normal levels of CFTR function. The
chemical chaperones that serve as class III correctors
in this study are unlikely themselves to be medicinally
useful. For example, because glycerol is a naturally
occurring compound that is freely metabolized by the
body, it would not reach target tissues in sufficient
concentration to function as a therapeutic agent.
However, these results strongly suggest a potential
benefit for focusing efforts on finding compounds that
stabilize the NBD1 domain of the cftr-AF508 protein.
The research suggests that if a compound that can do
so proves safe in combination with existing class I and
class II correctors, the approach may greatly improve
treatment for the majority of people with CF.

Okiyoneda T, Veit G, Dekkers JF, et al. Mechanism-based
corrector combination restores AF508-CF1TR folding and
function. Nat Chem Biol 9: 444-454, 2013.

Improving Genetic Testing for Cystic Fibrosis:
New research has greatly expanded knowledge of the
specific mutations capable of causing cystic fibrosis
(CF). Previous landmark research established that CF
is caused by mutations in a gene, CFTR, encoding a
critical channel protein that enables the movement of
chloride in and out of cells. Everyone has two copies
of CFTR, one inherited from each parent. Those with
CF have mutations that disrupt the function of both of
their CFTR copies. People with a single CF-causing
mutation are often unaware of it, because their one
functioning CFTR copy is enough to keep them
healthy. Therefore, when considering having children,
couples with CF in one of their families will often
pursue genetic testing and counseling to determine

the likelihood that one of their children will have the
disease. If one copy of a known CF-causing mutation
is found through either prenatal or newborn screening,
it may be uncertain whether a variant in the baby’s
other copy of CFTR would lead to the development of
CF. However, although research has identified over
2,000 variations in the CFTR gene, only 23 of these
were previously shown to be capable of causing CF.
While most of the other known variants are likely to be
harmless, sometimes genetic testing reveals a variant of
unknown significance in potential parents, so genetic
counselors cannot tell them with confidence what their
odds are of conceiving a child with CF.

To better understand which CFTR mutations pose

a risk of causing CF, researchers examined genetic
records of almost 40,000 people diagnosed with CF—
estimated to be more than half of the world population
with the disease—for whom clinical measurements of
CFTR chloride channel function had been recorded.
Confining their analysis to 159 variants found in at
least 0.01 percent (one in 10,000) of people with CF
in the database they had assembled, the researchers
tested how these CFTR mutations affect chloride
transport when introduced into cells grown in the
laboratory, and compared the results of those tests to
clinical measurements of CF from their database. As
a result, they were able to unambiguously identify

104 specific CF-causing CFTR variants in addition

to those already known, for a total of 127. For the
remaining 32 variants, the clinical data appeared
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inconsistent with CF, or the laboratory function tests
indicated a variant that should function reasonably
well, or both. This may at first seem surprising, since

a person with CF should not have a fully functional
copy of CFTR, but in some cases a benign change may
lie alongside a second CF'TR mutation that does cause
disease. Other variants may ordinarily be harmless, but
might have the capacity to promote CF symptoms in
people with other (unknown) genetic or environmental
risk factors. Because men carrying a CF-causing
mutation must also have one normally functioning copy
of'the CFTR gene in order to be fertile, the researchers
furthered their analysis by examining fathers of CF
patients to see if any of them had one of the remaining
32 variants in one copy of their CFTR genes, along
with a known disease-causing variant in the other. Ten
of the 32 variants were found to occur more frequently
among the healthy fathers than among people with CF,
indicating they do not normally cause disease, even
when the other CFTR copy contains a disease-causing
mutation. Two more were ruled out as disease-causing
for other reasons. The remaining 20 variants were not
more common among the healthy fathers and could not
be ruled out in other ways, so it remains possible that
they contribute to disease. As a result of these findings,
CF genetic testing will be much more comprehensive,
and provide greater certainty to parents concerned about
their children’s chance of having the disease. Moreover,
the laboratory models of the different CFTR variants
created through this research may promote better
understanding of the physiology of the CFTR chloride
channel, and may one day lead to improvements in CF
patient care.

Sosnay PR, Siklosi KR, Van Goor F, et al. Defining the disease
liability of variants in the cystic fibrosis transmembrane

conductance regulator gene. Nat Genet 45: 1160-1167, 2013.

INSIGHTS ON RARE METABOLIC
DISORDERS

Discoveries May Improve Treatment of
Mucopolysaccharidosis: Two recent studies in
animal models have reported encouraging findings
in the quest to improve treatment for people with

mucopolysaccharidosis. In this group of genetic
diseases, the lack of any one of several enzymes
used by cells throughout the body to digest and
recycle substances they no longer need leads to
accumulation of one or more cellular waste products.
These undigested substances are stored in the cells,
where they cause serious problems that can include
weakness, severe pain, brittle bones, intellectual
disability, clouding of the cornea of the eye, organ
failure, and death. Periodic infusions of purified
replacement enzymes, which cells can absorb and
utilize, have been developed as therapies for three
types of mucopolysaccharidosis: type I, type II, and
type VI (MPS I, MPS II, and MPS VI).

While enzyme replacement greatly alleviates many
disease symptoms, lengthening and improving
quality of life, such therapies are not cures. A

major limitation of the approach has been that the
replacement enzymes do not reach some of the tissues
where they are needed, including bone, cartilage,

and brain, which is separated from the blood by the
so-called blood-brain barrier. Therefore, the enzyme
therapies provide little or no relief from cognitive and
other neurological disease manifestations.

Researchers recently identified a potential solution
to this problem, and reported encouraging results

in experiments with mice lacking the same enzyme
as people with MPS I. The scientists noted that the
blood-brain barrier is crossed by a small number of
other proteins, and identified the portion of one of
these proteins that allows it to move from blood into
the brain. They then attached the MPS I replacement
enzyme to that key part of the blood-brain
barrier-crossing protein and showed that the resulting
hybrid protein reached brain cells of MPS I mice,
where it dramatically reduced levels of accumulated
cellular waste.

Research from a different group has identified another
potential therapeutic improvement. Researchers

have found that bone and cartilage problems in
animal models of various mucopolysaccharidoses are
similar to those in people with these diseases. They
also found that these problems result, at least in part,
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from inflammation triggered by accumulated cellular
waste products. These observations suggest that an
anti-inflammatory medication might lessen some
symptoms in bone and other tissues inaccessible to
replacement enzymes or when enzyme replacement
therapy is not available. The researchers, therefore,
tested pentosan polysulfate, a medication known to
reduce inflammation and promote cartilage growth that
is approved by the U.S. Food and Drug Administration
for treatment of a painful urologic condition, interstitial
cystitis/painful bladder syndrome. When the drug was
given to rats with MPS VI, the researchers observed
significant improvements in bone, cartilage, and tooth
structure, as well as some other symptoms. The treated
rats were also more mobile and behaved more normally
than did untreated control animals, even though cellular
waste products continued to accumulate in their bodies.
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Further research will be necessary to determine

if modifying replacement enzymes to allow their
transport across the blood-brain barrier or treatment
with pentosan polysulfate—alone or in conjunction
with other therapies—may be safe and therapeutically
beneficial treatment approaches for lysosomal storage
disorders. If so, they may one day allow people with
these diseases to lead longer, healthier lives.

Wang D, El-Amouri SS, Dai M, et al. Engineering a

lysosomal enzyme with a derivative of receptor-binding
domain of apoE enables delivery across the blood-brain
barrier. Proc Natl Acad Sci USA 110: 2999-3004, 2013.

Schuchman EH, Ge Y, Lai A, et al. Pentosan polysulfate: a
novel therapy for the mucopolysaccharidoses. PLoS One
8:e54459, 2013.
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The Course of Type 2 Diabetes and Complication

Onset in Youth Today

Four new analyses of data from the Treatment Options
for type 2 Diabetes in Adolescents and Youth (TODAY)
trial have revealed important information about the
challenges of controlling type 2 diabetes progression
and preventing its complications in young people.
Although type 2 diabetes is most commonly diagnosed
in people over the age of 40, an increase in childhood
obesity and other factors has led to a significant rise

in cases in people under 20 years of age. Prior to this
study, it was unknown whether treatments developed
for adults would work well for younger patients.
TODAY tested how well three treatment approaches
controlled blood glucose levels in ethnically and racially
diverse youth ages 10 to 17 who were overweight or
obese and had been diagnosed with type 2 diabetes
no more than two years before enrollment in the study.
All participants received metformin, the first-line drug
of choice among adults with type 2 diabetes, and
currently the only oral medication approved for use

in children. Participants were randomly assigned

to receive metformin alone; metformin plus another
diabetes drug, rosiglitazone; or metformin plus a
program of intensive lifestyle changes aimed at
helping participants lose weight and increase physical
activity. Unfortunately, metformin alone failed to
maintain acceptable, long-term, blood glucose control
in most participants over an average follow-up of 46
months—a much higher failure rate than expected—
and the addition of the lifestyle intervention provided
only a modest improvement that was not statistically
significant. Although blood glucose levels remained
healthier, on average, in participants who received both
metformin and rosiglitazone than in the other groups,
the two-drug combination still failed 38.6 percent of
the time over the course of the study. Importantly, after
the trial began, the U.S. Food and Drug Administration
(FDA) restricted use of rosiglitazone because of studies
linking the medicine to a higher risk of heart attacks
and stroke in adults. Although the FDA recently lifted
restrictions on use of rosiglitazone in adults, the drug
remains unapproved for use in children.

Since publishing their initial results in 2012, TODAY
researchers have examined the data to glean as much
as possible about the way the different study treatments
affected the participants’ metabolic function, as

well as their progression toward some of the serious
complications of the disease. The cells of people
developing type 2 diabetes do not absorb as much
glucose as they should in response to insulin. At first,
the pancreas compensates by producing more insulin,
but when the organ can no longer keep up with demand,
diabetes results. In most adults with type 2 diabetes,
the pancreas gradually loses the capacity to produce
insulin as the disease progresses, so supplementary
insulin often becomes required. To better understand
the way the disease progressed in youth in the three
TODAY treatment groups, study scientists analyzed
changes in participants’ insulin resistance and capacity
for pancreatic insulin production over the course of the
trial. They found that average insulin sensitivity gradually
fell for the metformin and metformin plus lifestyle
groups, while for the metformin plus rosiglitazone group
it improved significantly in the first six months of the trial,
but later gradually fell back to initial levels.

Thus, at the end of the trial, average insulin sensitivity
among those youth getting both medicines was about
where it began, but it had worsened among those
getting just metformin or metformin plus lifestyle. In
contrast, insulin-production capacity fell similarly in all
three groups. Importantly, TODAY scientists found that
in all of the treatment groups, the participants with the
poorest blood glucose control and insulin production
at the beginning of the trial were the ones most likely to
have higher than recommended blood glucose levels
before the study ended. This points to the importance
of beginning treatment for pediatric type 2 diabetes
before significant loss of insulin production capacity or
deterioration of blood glucose control occurs.

One of the major concerns about the increasing
frequency with which type 2 diabetes is appearing in
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young people is that data from studies in adults show
that the onset and severity of diabetes complications
correlate with the duration of the disease. Thus, there
is great concern that having diabetes for the vast
majority of their lives may leave these young people
vulnerable to particularly early and severe disease
complications.

TODAY researchers, therefore, examined participants
for early signs of retinopathy, a diabetes complication
of the eye that is the most common cause of
adult-onset blindness. Study scientists photographed
a majority of participants’ retinas during the last year
of the study and found that retinopathy was beginning
to develop in almost 14 percent of those participants.
Among the TODAY participants, increasing time

since initial diagnosis of diabetes, greater age, and
poorer blood glucose control were all associated with
a greater likelihood of retinopathy, reinforcing the
importance of early treatment of type 2 diabetes. At
multiple stages during the trial, TODAY participants
were also tested for key complication risk factors

and early signs of kidney and heart complications.
Thus, for example, TODAY researchers identified
hypertension (high blood pressure)—a major risk
factor for both heart attack and kidney disease, both
common complications of diabetes—in more than

11 percent of participants when the study began, and
almost 34 percent by the end of the study, an average
of less than five years after developing diabetes.

Boys were more likely than girls to have hypertension
or develop it over the course of the trial. The more
obese participants were, the more likely they were to
have or develop high blood pressure, as well. These
findings parallel results in adolescents who do not
have diabetes, among whom obesity and male sex are
risk factors for developing hypertension.

The researchers also looked for an early sign of kidney
disease, the presence of a protein called aloumin in
urine. More than six percent of TODAY participants

had elevated urine albumin when the study began, and
more than 16 percent did when it ended; elevated urine
albumin was most likely to occur in participants whose
blood glucose was more poorly controlled. Two major
risk factors for heart disease, dyslipidemia (the elevation
of unhealthy blood fats and/or lowering of healthy blood
fat levels) and signs of chronic inflammation, were also
found to be present at concerning levels when the study
began, and at increasing rates as it progressed. In
general, none of the treatment approaches were clearly
superior to the others at preventing the development

of diabetes complications or their risk factors in the
TODAY participants, underscoring the importance of
further research to identify better ways to prevent, treat,
or cure type 2 diabetes in the young.

The TODAY Study Group. Effects of metformin, metformin
plus rosiglitazone, and metformin plus lifestyle on insulin
sensitivity and f-cell function in TODAY. Diabetes Care 36:
1749-1757, 2013.

The TODAY Study Group. Retinopathy in youth with
type 2 diabetes participating in the TODAY clinical trial.
Diabetes Care 36: 1772-1774, 201 3.

The TODAY Study Group. Rapid rise in hypertension and
nephropathy in youth with type 2 diabetes: the TODAY
clinical trial. Diabetes Care 36: 1735-1741, 2013.

The TODAY Study Group. Lipid and inflammatory
cardiovascular risk worsens over 3 years in youth with

type 2 diabetes: the TODAY clinical trial. Diabetes Care 36:
1758-1764, 2013.
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Collaborative Efforts Key to Catalyzing Creation of an

Artificial Pancreas

On April 9 and 10, 2013, dozens of scientists,
engineers, and clinicians from North America, Europe,
and the Middle East gathered on the NIH campus

with the goal of improving the health and quality of

life of people with diabetes. They were participants

in the “Workshop on Innovation Towards an Artificial
Pancreas,” a forum on research and opportunities

to accelerate the development and delivery of a
promising technological approach to treatment and
management of diabetes: a wearable, automated
artificial pancreas. Organized by the NIDDK, the

lead NIH Institute for artificial pancreas research; the
U.S. Food and Drug Administration (FDA), the federal
agency regulating medical devices; and the leading
health advocacy group for people with type 1 diabetes,
JDREF, this workshop represented just one of the latest
in a continuing series of collaborative efforts that are
helping to make the artificial pancreas a reality.

Why an Artificial Pancreas?

Both type 1 and type 2 diabetes cause the levels of
glucose, or sugar, in the blood to rise above a normal,
healthy range. When blood glucose levels are not well
controlled, a person with diabetes is at much greater
risk for developing devastating health complications,
including blindness, kidney disease and kidney failure,
nerve problems, and cardiovascular disease. These
complications exact a heavy toll on both individuals
and the health care system in terms of health and
health care costs. Thus, finding ways to help people
with diabetes optimize control of their blood glucose
levels is a critical goal for research on diabetes
treatment and management.

For people with type 1 diabetes, controlling

blood glucose levels is especially challenging.

Type 1 diabetes destroys the insulin-producing

beta (B) cells of the pancreas. Without 8 cells, the
pancreas is unable to sense rising glucose levels and

respond with secretion of insulin, the hormone that
enables the body to absorb glucose—the main source
of energy derived from digestion of food—from the
bloodstream. To try and keep blood glucose levels
within a healthy range, people with type 1 diabetes
must measure glucose levels multiple times daily and,
based on complex calculations, administer insulin

via injection or a pump. While recent advances in
technology such as continuous glucose monitors
(CGMs) and “smart” insulin pumps that can help
calculate insulin doses have helped many patients,
recapitulating the dynamic control of blood glucose
levels imposed by the B cells of the pancreas is still
impossible with current methods. Also, whereas a
healthy pancreas has biological safeguards to help
prevent blood glucose from dropping too low as well
as rising too high, insulin therapy brings with it the risk
of potentially life-threatening episodes of low blood
glucose, or hypoglycemia, especially at night. Thus,
researchers have been working intensively to advance
technology that can replace the exquisite control of
blood glucose by the pancreas, hoping to achieve an
“artificial pancreas” that automatically closes the loop
between glucose sensing and delivery of appropriate
amounts of insulin, while also preventing hypoglycemia
and imposing minimal burden on the user.

Essential components of an artificial
pancreas are:

e A glucose-sensing component (sensor) that
measures blood glucose levels and sends
information to a computer;

* Aninsulin delivery device, such as an insulin
pump; and

e A computer that calculates the amount of
insulin needed and thereby “closes the loop”
between glucose sensing and insulin delivery.
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Working Together To Advance the Field

The design of any system capable of achieving what

is expected of an artificial pancreas is complex,

and raises novel scientific, clinical, and regulatory
challenges. Thus, the NIDDK is working with the FDA
and JDRF to help overcome these challenges so that
safe and effective artificial pancreas systems can be
developed and moved swiftly to market. For example,
following a joint workshop on the artificial pancreas
organized by the NIDDK, the FDA, and JDRF in 2005,
the FDA in 2006 identified “Accelerating the Availability
of the Artificial Pancreas” as one of its “critical path”
initiatives—FDA’s strategy to drive innovation in the
scientific processes through which medical products
are developed, evaluated, and manufactured. Then,

in 2007, the FDA partnered with the NIDDK and other
NIH Institutes to develop a working group of federal
scientists, clinicians, and regulatory experts who would
work together and with stakeholders, such as JDRF,
academic researchers, and industry, to find ways to
accelerate and optimize research and development
efforts toward an artificial pancreas. This Interagency
Artificial Pancreas Working Group meets regularly to
discuss research and regulatory issues surrounding
this new technology, and has been instrumental in
promoting the field, including contributing to the
development and release of the FDA comprehensive
guidance for artificial pancreas systems in November
2012. This guidance is helping researchers in
academia and industry identify steps they need to

take in the development of their artificial pancreas
systems before applying to the FDA for permission

to test device safety and effectiveness in people or

to market their systems. Also, the April 2013 artificial
pancreas workshop was the fourth such collaborative
workshop organized by the NIDDK, the FDA, and JDRF
in less than a decade to stimulate discussion of the
current state of the art in artificial pancreas technology,
technical difficulties and possible solutions, safety
issues, and next steps.

While the NIH has supported research in this field for
over two decades, in the last several years the NIDDK
has intensified its artificial pancreas research program

as well as its collaborations with other NIH Institutes
and JDRF. For example, since 2008, the NIDDK, in
partnership with the National Institute of Biomedical
Imaging and Bioengineering (NIBIB) and the Eunice
Kennedy Shriver National Institute of Child Health

and Human Development (NICHD), has released

four funding opportunity announcements to solicit
innovative research on artificial pancreas systems by
small businesses. The NIDDK has also participated

in the NICHD-led Diabetes Research in Children
Network, or DirecNet, which has investigated the

use of technological advances in the management of
type 1 diabetes in children and adolescents. As a result
of its own efforts and these collaborations, the NIDDK is
currently supporting a multi-faceted program of research
at academic centers and small businesses to:

e Conduct clinical studies of portable artificial
pancreas devices;

e Make stable, fast-acting formulations of insulin and
another hormone important to managing blood
glucose levels, glucagon;

e Improve glucose sensors’ sensitivity and durability;

¢ Build and test devices that combine sensing and
hormone delivery;

e Study physiological and behavioral factors to make
artificial pancreas use easier; and

¢ Develop the next generation of glucose-sensitive
technology.

Through recent initiatives, the NIDDK is also fostering
research training of bioengineers and development of
an interdisciplinary workforce to develop innovative
technologies for diabetes treatment, including artificial
pancreas systems. Notably, a significant portion

of NIH-supported artificial pancreas research over

the past 15 years has been made possible by funds
from the Special Statutory Funding Program for

Type 1 Diabetes Research.

JDRF supports its own program of research on the
artificial pancreas, the Artificial Pancreas Project,
which it launched in 2006. Over the years, the NIDDK
has increased collaboration with JDRF and other
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important funding entities, such as The Leona M. and
Harry B. Helmsley Charitable Trust, to coordinate
efforts so that there can be more efficient investment
of resources to expedite advances in this field. For
example, the NIDDK and JDRF are both funding sites
in the Artificial Pancreas Consortium, a multi-site,
international consortium of clinicians, engineers, and
mathematicians who have tested early, hospital-based
versions of an artificial pancreas and have started

to test outpatient, wearable systems. Moreover, the
NIDDK and JDRF have organized scientific panels

of artificial pancreas investigators at the American
Diabetes Association’s annual Scientific Sessions, with
the next one planned for June 2014.

The collaborative workshops organized by the NIDDK,
the FDA, and JDRF, as well as the NIDDK and JDRF
initiatives, have also inspired investment in artificial
pancreas technologies by other, private foundations.
For example, The Leona M. and Harry B. Helmsley
Charitable Trust has recently launched initiatives on
the artificial pancreas, such as the Trust’s Automated
Insulin Delivery Initiative. The Trust also funds the
“bionic pancreas” project (as described later).

As a result of research investments and collaborative
activities to promote artificial pancreas technologies,
there has been rapid progress in the past few years
toward achieving effective, wearable systems. For
example, in just the last year:

e “Low glucose suspend” devices: The objective
of these devices is to temporarily shut off insulin
delivery when circulating glucose levels fall
below a set threshold, to help prevent episodes
of dangerously low blood glucose levels—an
important aspect of artificial pancreas functionality.
A recently published clinical study supported
by industry (Medtronic) demonstrated that
hypoglycemia events were less frequent, and events
at night were less severe and shorter in duration,
in patients using a glucose-sensor augmented low
glucose suspend device at home. In September
2013, the FDA approved the Medtronic Minimed

530G, the device that was used in this trial, for use
by people with diabetes 16 years of age and older.
This is the first example of an artificial pancreas
technology approved under the FDA guidance
released in November 2012.

e “Diabetes Assistant (DiAs)”: A number of
investigators are developing and testing systems
that close the loop between glucose sensing
and insulin delivery using smartphone based
technology, which would make the system
practical for use outside of a hospital setting. A
recently published study of one such system, the
DiAs, which uses an Android-based smartphone,
has demonstrated the feasibility of its use to
control blood glucose levels in a hotel-based
outpatient setting. This effort has been supported
by the NIDDK and JDRF (see also “Smartphone
Technology Advances Progress Toward the
Development of an Artificial Pancreas for People
with Type 1 Diabetes” in this chapter).

e Bihormonal bionic pancreas: To more fully
recapitulate the hormonal controls of blood
glucose levels lost in type 1 diabetes, some
researchers are already working on systems
that include both insulin, which lowers blood
glucose levels, and glucagon, which raises them.
Researchers working on a bihormonal bionic
artificial pancreas based on an iPhone platform
recently completed two outpatient studies in
adults and children, with encouraging results. The
“bionic pancreas” effort has received support from
the NIDDK, JDRF, and The Leona M. and Harry B.
Helmsley Charitable Trust, among others.

In concert with academia and industry, the NIDDK/NIH,
the FDA, and JDRF have collectively catalyzed very
intense and productive activity in the field of artificial
pancreas research. This joint commitment by public and
private institutions to an active role in the development
of an artificial pancreas has fostered remarkable
progress in recent years. Looking ahead, it is anticipated
that these collaborative efforts will continue to lead to
new successes in harnessing this new technology to
improve the lives of people with diabetes.
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Nobel Prize Honors Discoveries About the

Transport System in Cells

B |

Dr. James E. Rothman, 2013 Nobel Laureate.
Photo credit: Harold Shapiro, Yale University.

One of the winners of the 2013 Nobel Prize in
Physiology or Medicine is Dr. James E. Rothman,

an NIDDK grantee. Currently a professor at Yale
University, Dr. Rothman has received funding from
several NIH Institutes, and much of the research

that earned him the Nobel Prize was supported by a
longstanding NIDDK grant that began in 1980. He has
served on NIDDK'’s National Advisory Council.

He shares the Nobel Prize with two other scientists,
Drs. Randy W. Schekman and Thomas C. Stidhof, also
both NIH grantees who have received funding from
other Institutes.

Dr. Rothman was honored for his discovery of

the machinery that regulates the traffic of small
membrane-enclosed shuttles, called vesicles, which
transport molecular cargo from one compartment

within a cell to another, and between a cell and its
environment. Exquisitely organized, this vesicle
transport system underlies extraordinarily diverse
biological processes critical for health, as vesicles
carry hormones, signaling molecules for the nervous
system, and other vital cargo. Defects in the process
are associated with diabetes, neurologic diseases,
and other adverse health conditions. Dr. Rothman’s
research is notable both for his landmark discoveries
and for the pioneering experimental approach he took
amidst an atmosphere of skepticism decades ago.
His strategy was to break open cells and mix various
cellular materials back together to try to reconstitute
transport in a test tube; if that worked, he could then
purify the necessary components of the transport
machinery from the mixture to learn their identity. Many
scientists at the time, however, believed that vesicles,
outside the orderly confines of a cell, would not find
the right target destination. But the approach worked,
and Dr. Rothman and members of his laboratory went
on to identify the machinery integral to this process,
including a group of proteins they called SNAREs.
Embedded in the membranes that surround vesicles
and other cellular compartments, different SNAREs
interact selectively so that vesicles dock at the correct
destination. The SNAREs then promote fusion of the
vesicle and target membranes, allowing release of the
cargo. Since his groundbreaking findings years ago,
Dr. Rothman’s research has continued to yield new
insights into this essential biological transport system.

The three scientists presented their Nobel Lectures in
Stockholm on December 7, and received their awards
on December 10, 2013.
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NIDDK Scientist Recognized for Outstanding
Contributions to Diabetes Research and Mentorship

NIDDK Director Dr. Griffin P. Rodgers (left) and Dr. Peter H.

Bennett (right) at Dr. Bennett’s NIH Grand Rounds lecture in
October 2013. Photo credit: Maria Maslennikov.

Scientist Emeritus and former Chief of the NIDDK
intramural Phoenix Epidemiology and Clinical Research
Branch (PECRB), Dr. Peter H. Bennett, received

two prestigious awards in 2013 in recognition of his
enormous impact on the field of diabetes research and
his training and mentorship of diabetes investigators.

In recognition of his many accomplishments, on
October 28, 2013, Dr. Bennett was the inaugural
recipient of the $250,000 Harold Hamm International
Prize for Biomedical Research in Diabetes. This

prize recognizes innovation in the field of diabetes
research with an emphasis on progress toward a cure.
Awarded by the Harold Hamm Diabetes Center at

the University of Oklahoma, the prize celebrates the
scientific achievements of an outstanding researcher,
team of researchers, or research institution selected
by a rotating jury of national and international leaders
in the diabetes community. Dr. Bennett also received
the American Diabetes Association (ADA) 2013 Albert
Renold Award at the ADA’s 73 Scientific Sessions

in June 2013. The award is one of the ADA’s highest
scientific honors, given annually to an individual who
has made a significant impact as a mentor of diabetes

Dr. Peter H. Bennett accepts the first Harold Hamm
International Prize for Biomedical Research in Diabetes
in October 2013. Photo courtesy of the Harold Hamm
Diabetes Center.

researchers and/or as a facilitator of a community of
diabetes investigators. In addition to establishing

a robust research program within the PECRB and
providing training to hundreds of investigators
worldwide, Dr. Bennett has directly mentored more
than 50 scientists, many of whom now hold leadership
positions in academic and federal institutions focused
on diabetes and its complications.

Dr. Bennett’s work on type 2 diabetes began in

the 1960s, a time when little was known about the
disease and nothing was known about its risk factors.
Following his medical education at Victoria University
of Manchester, United Kingdom, Dr. Bennett joined the
NIDDK, which began conducting cooperative research
on diabetes with the Gila River Indian Community in
1965, after scientists discovered the high prevalence
of type 2 diabetes in this population. For over 30
years, glucose tolerance te